Introduction
The type IIP supernova 1987A is the most well-observed and published supernova in existence. As the brightest supernova seen since the invention of the telescope, it has been observed right across the electromagnetic spectrum from radio through to gamma rays. It was also the first supernova for which we have observations of the progenitor, as well as the first and only supernova thus far to have been associated with a neutrino burst event (Hirata et al. 1987; Bionta et al. 1987 ). Neutrino observations from SN1987A have been used to put a firm foundation on theories of core collapse and neutron star formation (Janka 1997) as well as giving a time of core collapse at 1987
February 23, 07:35 UT. Shortly after core collapse an expanding shockwave tore through the progenitor's stellar envelope. The resulting shock breakout resulted in a UV flash that ionized material in the circumstellar environment (Luo & McCray 1991) , illuminating a central equatorial ring and two outer rings that we now know are part of a much larger hourglass structure (Sugerman et al. 2005) . As yet, the mechanism for ring formation is not properly understood, however two competing theories, the interacting winds model (Blondin & Lundqvist 1993; Martin & Arnett 1995; Tanaka & Washimi 2002) and the binary merger model (Podsiadlowski et al. 2007 ) offer plausible mechanisms for shaping the rings. At present the shock is transiting the equatorial ring and continues to provide insights into the hydrodynamics of a unique young supernova remnant as followed by X-ray, optical and radio telescopes.
In the radio SN1987A was imaged as soon as a few days after detection. On 1987 Feb 25, Turtle et al. (1987) Jauncey et al. (1988) used VLBI techniques to resolve the expanding radiosphere. Continued observations saw the supernova fade from its intial radio burst to almost undetectable levels within a few months (Turtle et al. 1987) . From this point on, radio emission from SN1987A deviated radically from the trend of typical type IIP supernova light curves. Radio emission from the remnant returned in 1990 with a re-detection at 843 MHz by MOST on July 5 (Ball et al. 2001 ) and the six 22m antennas of the Australia Telescope Compact Array (ATCA) a month later (Staveley-Smith et al. 1992 ). This has been interpreted as a collision between the expanding shock front and an ionized hydrogen region about half the distance to the optical ring (Chevalier & Dwarkadas 1995) . Since then, an ongoing observing campaign (Gaensler et al. 1997; Manchester et al. 2002 Manchester et al. , 2005 Staveley-Smith et al. 2007; Gaensler et al. 2007 ) has followed radio emission from the developing remnant at frequencies ranging from 1.4 to 20 GHz. This saw the radio emission rise at monotonically increasing rate as the shockwave began its crossing of the ring (Zanardo et al. 2009 ). Such behaviour puts the remnant of SN1987A in the somewhat rare category of young and brightening supernova remnants, along with the Galactic supernova remnant G1·9+0.3 (Reynolds et al. 2008; Murphy et al. 2008 ).
High precision images of the remnant at high resolution are important for studying the morphology and evolution of the blastwave interaction. Previous estimates of the optical ring geometry (Plait et al. 1995) of the structure of the equatorial ring as well as the development of the reverse shock (Michael et al. 2003) . Pixels on the ACIS detector aboard the Chandra X-ray Observatory register half the total encircled energy of incident photons within a circle of diameter 0. ′′ 8
[half power beam diameter (HPD)], although this can be improved to around 0. ′′ 6 HPD with subsampling techniques (Tsunemi et al. 2001) . In 2007 October, Tingay et al. (2009) used an e-VLBI array formed between the ATCA, Parkes, and Mopra (22m) antennas to image the remnant of SN1987A at 1.4 GHz with a restoring beam of 85x168 milli-arcseconds.
However the limited range of baselines made such an array insensitive to details larger than 0. ′′ 4. In the radio the ATCA is capable of resolving details as small as 0. ′′ 2 at around 40
GHz, which nicely fills in the gap left by the VLBI observation and images at the lower frequencies. Imaging at higher frequencies around 100 GHz is also possible, although this capability is enable to for only five of the six antennas, cutting the number of baselines by a third as well as reducing the maximum baseline length to 3 km. This translates to roughly the same resolution (approximately 0. ′′ 2) as the 40 GHz band. Unfortunately at higher frequencies atmospheric opacity degrades the image with approximately an order of magnitude higher effective system temperature (Brooks 2007) . With an aim to obtain the highest resolution images currently possible with the ATCA, the ongoing imaging observations of Ng et al. (2008) were extended to include frequencies around 36 GHz. In this paper we present the latest 36 GHz data from the recent extension to these ongoing observations. (Taylor et al. 1999) . We used the software package Miriad (Sault et al. 1995) to perform image reduction and analysis. Continuum images were made with robust=0.5
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weighting (Briggs 1995) as this represented the best compromise between resolution and signal-to-noise ratio. Natural weighting (robust=2.0) was used in both the flux and polarisation measurements in order to preserve as much signal as possible. The CLEAN algorithm (Högbom 1974; Clark 1980 ) was employed to deconvolve the resulting continuum images. Table 2 gives the size and position angle of the restoring beam, as well as the rms noise of the resulting image in each case. Figure 1 are the deconvolved Stokes-I continuum images of the 36.2 GHz observations. Figure 1 Table 2 .
For purposes of comparison, we also obtained a contemporaneous observation at 8.6 GHz on 2008 Oct 9-10 as well as our regular monitoring at 1.4-8.6 GHz. The 8.6 GHz observation was reduced as described in Ng et al. (2008) , and the 1.4-8.6 GHz flux monitoring observations and reduction are as described in (Zanardo et al. 2009 ) [see also Manchester et al. (2002) ]. 3.2. Modeling in the Fourier domain and a limit on a central source.
We modeled the 2008 Oct 36.2 and 8.6 GHz data in the Fourier domain using a truncated shell model described by Ng et al. (2008) . The shell has a radius R and a half-opening angle θ (i.e., θ = 90
• and 0 • corresponds to a spherical shell and an equatorial ring respectively), and it is inclined at 43.4
• south of the line of sight at a position angle -7.6
• (or 7.6
• clockwise) from north, as determined from optical observations (Pun 2007) . We modeled the east-west asymmetry by a linear gradient in the equatorial plane, more details of the modeling can be refered to Ng et al. (2008) . The best fit model parameters at the two frequencies are shown in Table 3 and displayed graphically in the top row of Figure   3 . Both models are roughly consistent, each with 30% greater flux in the eastern lobe.
The 8.6 and 36.2 GHz fitted shell widths do not agree at the 3σ level. If this is a physical effect, it may be due to a positional dependency of the distribution of particle energies in the forward shock. The small shell width characteristic of the fits to low frequency radio emission may correspond to a proportionately larger population of newly swept up particles at the forward shock. However shell thickness δ is a parameter that is not well constrained by the fit, as discussed in Ng et al. (2008) and demonstrated in Table 2 of that paper. feature is also present in the model counterpart. This feature is largely due to the imaging process rather than noise or differences between the models. Follow-up observations will be needed to determine if the feature in the real spectral index images corresponds to an actual source of emission in the central region emission not fitted by our Fourier models.
Polarisation and magnetic field direction.
Magnetic field direction in supernova remnants can be divided into three categories:
tangled, radial and tangential. In the atlas of supernova remnants compiled by Milne (1987) and Fürst & Reich (2004) , 27 out of the 70 remnants surveyed showed polarisation. The absence of polarisation in the presence of synchrotron emission indicates a tangled magnetic field and/or extreme rotation measures along the line of sight. Of those remnants which did exhibit polarisation, such as Cassiopeia A and Tycho's remnant, most under 10,000 years old had radial magnetic field directions across the shock front. Rayleigh-Taylor (R-T)
instabilities have been implicated as the mechanism for the radial stretching of the magnetic field in young supernova remnants, however magnetohydrodynamical simulations have yet to produce R-T instabilities that reach across the forward shock (Blondin & Ellison 2001) . It is anticipated that higher shock compression ratios generated by the influence of shock-accelerated particles will enable the generation of radial magnetic fields that cross the shock (Schure et al. 2008) . Older supernova remnants such as Vela exhibit a tangential magnetic field, interpreted as the accumulation of an interstellar magnetic field at the ageing blast front. 
Radial profile and astrometry
The optical position of the supernova at day 1278, as measured by a frame-tie to Points along the ridgeline in the radio image were located by propagating rays away from the original progenitor position. The point of maximum flux density along each propagated ray was determined to be part of the ridgeline. We fitted an ellipse to both flux-weighted and non flux-weighted ridge line points and tabulated the fitted ellipsoids in Table 4 . We see that fitting an ellipse to the 36.2 GHz October data in the image plane produces a semi-major axis that is slightly smaller but consistent with the mean radius obtained by fitting a truncated-shell model to visibility data in the uv plane.
In Figure 6 Reynolds et al. (1995) , the estimated positional uncertainty of the fitted centroids above is about 30 mas in each coordinate with an additional ≈ 15 − 17 2 Position angle is defined North through East.
mas uncertainty in the fit. As shown in Figure 6 , the offset of the flux-weighted centroid is The rms noise of the residual image is estimated to be around 90 µJy. The Chandra X-ray image was a 0.5-8.0 keV ACIS image from an observation taken on 2008
July 9-11. The X-ray image was reprocessed following the procedure described in Park et al. (2006) . We removed the pixel randomization and applied the 'subpixel resolution' technique (Tsunemi et al. 2001) to further improve the effective spatial resolution of the image. It was then deconvolved with the Lucy-Richardson algorithm (Richardson 1972; Lucy 1974) using a monochromatic PSF of 1.5 keV (2.5 keV for the hard band) generated by the Chandra Ray Tracer and MARX. The results were smoothed by a Gaussian of 0.
Shown in Figure 8 is a comparison between the HST, 36.2 GHz ATCA, 8.6 GHz ATCA, and Chandra X-ray images. The coordinates of the HST and Chandra images have been shifted such that the optical and X-ray rings are centered on the 2008 Oct 36.2 GHz radio ring with an uncertainty of roughly 50 mas in each coordinate; it also implies the central optical nebulosity aligns with the flat spectrum radio component. However this step precludes us from making further judgements about an asymmetry in the radio expansion with respect to the optical ring. One thing that is interesting about this plot, however, is that the radio images are more circular than the optical and X-ray. If we apply the ridge-following algorithm to the flux-unweighted optical ring in the HST image, the width of the fitted ellipse semi-major axis is 0. ′′ 78 and the semi-minor axis is 0.
′′ 57 with about 40 mas uncertainty in each axis. Compared to the radio ring of size 0. ′′ 79 × 0. ′′ 68 with similar uncertainty, the optical ring is slightly more elliptical. The difference in ellipticity can be explained by the difference in location at which the different types of emission are generated.
Non thermal radio emission is produced as the result of stochastic acceleration of particles at a shock front, and is primarily dependent on density for particle injection into the shock.
Thermal X-rays are produced by material heated by the shock and is dependent on both density and temperature of the heated material. Hence we would expect radio emission to trace shock fronts to higher latitudes above the equatorial plane and X-ray and optical images to trace the higher density of heated material in the equatorial ring. to rays propagating through the left half of (a).
-25 -In figure 9 the HST and Chandra images have been overlaid with the radio contours from the 36.2 GHz radio image. From the peaks in the radio contours it is evident that the forward shock is only slightly larger than the 0.
′′ 8 optical ring. The truncated-shell models fitted to the 2008 October data give a more accurate shell radius of 0. ′′ 85 ± 0. ′′ 06 for the 36 GHz data which is larger but still consistent. However the radius measured at 8.6 GHz is 0. ′′ 892 ± 0. ′′ 002, which suggests that the forward shock has almost completed its transit of the optical ring. X-ray images show that the remnant is more spherical in the radio, which can be explained by two different emission mechanisms at work. From the Fourier models and comparisons to the optical emission we conclude that the forward shock in the remnant is completing its transit of the optical ring.
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